There was a significant (P < 0\m=.\05) and consistent increase in the potency of steroidogenic stimulatory activity (testosterone production by purified Leydig cells in vitro) in testicular interstitial fluid of the cryptorchid compared to the scrotal testis from 1 to 4 weeks after the induction of unilateral cryptorchidism. In contrast, the level of mitogenic activity ([3H]thymidine incorporation into 3T3 cells) was not significantly different between interstitial fluid from cryptorchid and scrotal testes for up to 4 weeks after surgery. These results indicate that the steroidogenic activity and the mitogenic activity are due to different, as yet unidentified, factors in testicular interstitial fluid.
Introduction
Evidence for the local control of testicular function has evolved with the use of animal models of testicular damage. The effects of experimental disruption of spermatogenesis induced by vitamin A deficiency, X-irradiation, cryptorchidism, efferent duct ligation or heat treatment result in hyper¬ trophy of the Leydig cells and an increased ability to secrete testosterone in vitro (see Sharpe, 1984) . The demonstration that these changes to Leydig cells occurred in the damaged testes in unilateral models of spermatogenic damage, whilst leaving the Leydig cells in the contralateral untreated testis unchanged, suggested a paracrine mechanism of regulating Leydig cell function (Risbridger et al, 1981a, c) . The identities of the agents by which this control is exerted between the tubules and Leydig cells are unknown. Nevertheless, there are reports of factors present in testicular interstitial fluid probably of tubular origin which affect Leydig cell steroidogenesis (Sharpe & Cooper, 1984; Rommerts et al, 1986; Risbridger et al, 1986) . Additionally, there is evidence to suggest that a local factor may be also responsible for regeneration of Leydig cells after the selective elimination of Leydig cells by the administration of the cytotoxic agent ethane dimethane sulphonate (EDS) . Such an hypothesis was based on the observation that, after treatment with EDS and the induction of unilateral cryptorchidism, the regeneration of new Leydig cells occurred more rapidly in the cryptorchid testis (O'Leary et al, 1986; Risbridger et al, 1987) .
The aims of this study were to determine the effect of unilateral cryptorchidism on the activity ofa steroidogenic stimulatory factor and also of mitogenic activity (if present) in testicular interstitial fluid. These investigations were supplemented by a morphometric analysis of Leydig cells by using tissue sections from which the total volume of Leydig cells per testis was calculated.
Materials and Methods
Animal surgery and fluid collection. Mature adult male Sprague-Dawley rats were obtained from Central Animal Services, Monash University. Groups of at least 18 animals were made unilaterally cryptorchid as previously described by Risbridger et al (1981a) . At 1,2 and 4 weeks after surgery the animals were anaesthetized with ether and perfused via the thoracic aorta with Krebs-Ringer bicarbonate buffer to remove blood from the testes to ensure that any interstitial fluid collected by draining the testes was not contaminated with blood. The testes were then excised and interstitial fluid was collected by allowing the testes to drain (from a small incision in the caudal end of the testes) for 16 h at 4°C. The recovered fluid was centrifuged and treated with charcoal before storage at previously (Risbridger et a!, 1986) . The concentrations of testosterone and progesterone in aliquants of each of these samples were also determined by radioimmunoassay (Risbridger et a!, 1986) .
Bioassay of steroidogenic stimulatory activity. The bioassay is based on the ability of interstitial fluid to cause a dose-dependent stimulation of testosterone production by Percoll-purified Leydig cells as previously described by Sharpe & Cooper (1984) and Risbridger et al (1986) . Briefly, interstitial cells were obtained by collagenase digestion of adult male rat testes and layered onto a discontinuous gradient of Percoli. After centrifugation, the purified Leydig cells were harvested, placed in multiwell culture plates (5 10" cells/well), and incubated with test substances for 20 h at 32"C. Pools of fluid were obtained by combining equal volumes of interstitial fluid from individual animals in a group (N =~1 0). These samples were then asayed in a single experiment in triplicate at multiple dose levels, utilizing the same preparation of Leydig cells. The relative potencies of the interstitial fluid preparations were then determined using parallel-line bioassay statistics (Finney, 1971) . The activity of control interstitial fluid from untreated rats was arbitrarily defined as 1 unit/ml. Bioassay ofmitogenic activity in testicular interstitialfluid. The bioassay of mitogenic activity is based on the ability of testicular interstitial fluid to stimulate the incorporation of [3H]thymidine into 3T3 cells as described by Feig et al. the cells (4 pCi/ml) and incubated for a further 2 h. The cells were fixed in absolute methanol, washed with water, extracted with 5% trichloroacetic acid and lysed and dissolved in 0-3 M-NaOH and counted. The dose-response effects of interstitial fluid were assessed for linearity and parallelism and the potencies relative to that of interstitial fluid from contralateral scrotal testes were determined. The activity of control interstitial fluid was again defined as 1 unit/ml.
Histology and morphometric analysis. The testes of 3 rats from each group were perfusion fixed with a buffered mixture of glutaraldehyde-formaldehyde. Fixed testes were decapsulated, their volumes measured by water displacement and small tissue blocks were post-fixed in osmium tetroxide, dehydrated in ethanol and embedded in Epon-araldite. Blocks were orientated to ensure that, when cut at I pm using an ultramicrotome, seminiferous tubules were cut tranversely. Sections were stained with toluidine blue and examined with a Leitz Orthoplan microscope using a Planapo 40 oilimmersion objective and 8 eyepieces. Quantitative analysis of the total volume of Leydig cells per testis was performed by a point-counting method using a 21 21 square eyepiece graticule providing 441 test points superimposed over the 1 pm stained sections. Volumetric density of Leydig cells and the interstitial lymphatic space (representing the interstitial fluid) were measured as described earlier (Kerr & Sharpe, 1985) by scoring the number of points falling over Leydig cells and the lymphatic space expressed as a percentage of the total number of points over each microscopic field: 133 sections (all from different blocks) from all testes were examined in which 906 randomly selected areas were scored using 399 546 test points. The mean volumetric density for Leydig cells and lymphatic space from each testis was determined and the mean + s.d. was calculated for testes belonging to a particular group. Volumetric density of the measured components multiplied by the volume of the testis from which the sections were derived yielded an estimation of the total volume of Leydig cells and lymphatic space per testis and thus the mean ± s.d. for total Leydig cell and lymphatic space volume was calculated for each group.
Results
The absolute volume of lymph in the testis increased significantly after 4 weeks of treatment (Table 1 ). The concentration of testosterone in the interstitial fluid fell after the induction of cryptorchidism and was significantly reduced at each time period (P < 005) (Table 1) . Progesterone concentrations were also significantly reduced 2 and 4 weeks after cryptorchidism (Table 1) .
The dose-response effects of interstitial fluid from scrotal or abdominal testes were linear and parallel (Fig. 1 ). The estimated relative potencies of other interstitial fluid preparations are shown in Table 2 and illustrate that at 1, 2 and 4 weeks after unilateral cryptorchidism there was a signifi¬ cant increase ( < 005) in the testosterone-stimulating potency in the interstitial fluid from the cryptorchid testis.
The mitogenic effects of interstitial fluid from scrotal or abdominal testes also provided linear and parallel dose-response lines (Fig. 2 ). However, the estimated relative potencies of the preparations did not significantly change throughout the study (Table 2) . Leydig cells within the testes of adult control rats exhibited a normal morphology and distri¬ bution with intertubular tissue (Fig. 3 ). The morphology of Leydig cells and all other components of the intertubular tissue in the scrotal testes of unilaterally cryptorchid rats was qualitatively unchanged when compared to the intertubular tissue of testes from control rats. Marked disruption of the seminiferous epithelium occurred in the abdominal testes of unilaterally cryptorchid rats, and the associated germ cell degeneration resulted in the appearance, at 4 weeks, of shrunken seminiferous tubules containing Sertoli cells and small numbers of spermatogonia. In contrast, no degenerative changes were observed in the intertubular tissue of abdominal testes. Leydig cells exhibited prominent nuclei and their cytoplasms contained numerous inclusions representing mitochondria. With the decrease in seminiferous tubular diameter, the intertubular lymphatic Week 2 Week 4 Fig. 2 spaces appeared widened and Leydig cells were preferentially clustered around blood vessels or formed aggregations associated with networks of connective tissue (Figs 4-6) . The total volume of Leydig cells present in scrotal and abdominal testes did not alter significantly between 1 and 4 weeks after unilateral cryptorchidism (Table 3) .
Discussion
This study demonstrates the presence of mitogenic activity in testicular interstitial fluid which stimulates DNA synthesis in confluent quiescent BALB/c 3T3 cells. However, the potency of this mitogenic activity in the cryptorchid testis does not significantly change compared to that of the contralateral scrotal testis for up to 4 weeks after the induction of unilateral cryptorchidism. In contrast, the potency of steroidogenic stimulatory activity in the interstitial fluid of the cryptorchid testis is consistently and significantly increased compared to that of the contralateral scrotal testis throughout the study. These results suggest that these activities in testicular interstitial fluid are due to the presence of different substances.
The presence of steroidogenic stimulatory activity in interstitial fluid has been previously reported (Sharpe & Cooper, 1984; Rommerts et al, 1986; Risbridger et al, 1986) and it has been shown that the stimulatory activity increases 20 days after the induction of unilateral cryptorchidism (Sharpe et al, 1986) . The present study clearly demonstrates that the steroidogenic stimulatory activity results in parallel and linear dose-response lines for interstitial fluid from scrotal and abdominal testes. These results also show that the potency of this activity increased significantly 1 week after the induction of unilateral cryptorchidism. The stimulatory activity in interstitial fluid from the scrotal testes did not differ significantly from that in control testes throughout the study. The increase in steroidogenic stimulatory activity was not simply due to a decrease in the volume of testicular interstitial fluid and therefore an elevated concentration of the stimulatory activity, because the volume of interstitial fluid was shown, by morphometric analysis, to be unaltered for 1-2 weeks and then to increase after 4 weeks of cryptorchidism.
The increase in steroidogenic stimulatory activity after the induction of unilateral cryptorchidism is entirely consistent with the hypothesis that this activity may locally regulate Leydig cell steroido¬ genesis in vivo. It has been previously observed that the ability of the cryptorchid Leydig cells to produce testosterone in response to hCG stimulation is enhanced both in vitro and in vivo (Risbridger et al, 1981a, b) . Additionally, Leydig cells isolated from cryptorchid testis synthesize more testo¬ sterone (than those isolated from normal testis) in response to stimulation by interstitial fluid collected from normal animals . If more of the steroidogenic stimulatory activity is present in the cryptorchid testis and ifthese Leydig cells can produce more testosterone in response to interstitial fluid stimulation, it was surprising to observe significantly low concentrations of testosterone in testicular interstitial fluid. A lesion in activity of the steroidogenic enzymes converting progesterone to testosterone does not appear to be the cause of the decline in testosterone concentrations, because an identical pattern of change of progesterone concentrations in interstitial fluid is also observed.
Nevertheless, the amount of testosterone in interstitial fluid represents 30% of the total testicular testosterone (Sharpe & Bartlett, 1985) and the reason for the reduction in testosterone values in interstitial fluid after cryptorchidism is unknown.
Evidence for the presence of mitogenic activity in testicular interstitial fluid is presented herein and is based on the stimulation of the uptake of [3H]thymidine by confluent, quiescent BALB/c 3T3 cells. This method was first described by Feig et al. (1980) who reported the presence of mitogenic activity in the seminiferous epithelium of the mouse testis. More recently Holmes et al (1986) have reported the presence of mitogenic activity in rat Sertoli cell culture media. Whether or not the activity in rat testicular interstitial fluid is due to the production of similar activities from the basal surface of the seminiferous epithelium is unknown. Clegg (1961 Clegg ( , 1965 has previously reported hyperplasia of the Leydig cells after the induction of cryptorchidism in the adult rat, and so it was possible that the potency of mitogenic activity in testicular interstitial fluid could be related to hyperplasia of Leydig cells and would therefore change with cryptorchidism. However, the present study failed to show any change in the total mass of Leydig cells in the cryptorchid testis and in addition we have shown that the number of Leydig cells does not alter . This is in agreement with the data of Bergh & Damber (1978) who showed that, when newborn male rats were made unilaterally cryptorchid at birth, the number of histologically recognizable Leydig cells remained unaltered at 20, 30 or 100 days of age. The present study also shows that there is no alteration in mitogenic activity in testicular interstitial fluid. These observations are entirely consistent with the postulate that the absence of any change in mitogenic activity may be related to the constancy in the total mass of Leydig cells present in the cryptorchid testis. However, the in-vitro bioassay of mitogenic activity with BALB/c 3T3 cells may not be the most appropriate cell type for testing the potency of growth factors believed to act upon the cells within the interstitial tissue or seminiferous epithelium of the testis. To establish any effect of the mitogenic activity in interstitial fluid on Leydig cells, it would be necessary to use cultured Leydig cells or their precursor cell type. However, the maintenance of adult rat Leydig cells in longterm culture has been unsuccessful to date and the precise identity of the Leydig cell precursors remains to be established; nevertheless the isolation of other growth factors from the testis has relied upon the use of 3T3 cells (Feig et al, 1980; Holmes et al, 1986; Ueno et al, 1987) . The present results clearly show that the potency of mitogenic activity in testicular interstitial fluid does not change with cryptorchidism and neither does the mass of Leydig cells in the testis. Further studies are required to examine whether or not mitogenic activity in interstitial fluid alters during the process of Leydig cell proliferation during sexual maturation (Tapanainen et al, 1984) , after hCG stimulation (Christensen & Peacock, 1980) or treatment with EDS .
While the source ofthe steroidogenic stimulatory activity in testicular interstitial fluid is unknown, it is clear from this and a previous study that it is locally produced within the testis. Whilst it is possible that this stimulatory activity may originate from the Sertoli cell, the relationship between this activity in interstitial fluid and those reported by Parvinen et al. (1984) , Janecki et al. (1985) , Syed et al (1985, 1986) and Verhoeven & Cailleau (!985, 1986 ) is unknown. Nevertheless, disruption of spermatogenesis and alteration of Sertoli cell function result in an increase in the concentration of stimulatory activity in testicular interstitial fluid. In contrast, the mitogenic activity in testicular interstitial fluid does not change after unilateral cryptorchidism, which indicates that these activities are different from one another. The availability of assay methods for steroidogenic and mitogenic factors within testicular interstitial fluid may be valuable in further investigations of the hormone regulation of Leydig cell function and the local control between the seminiferous tubules and the interstitial tissue.
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